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1 Introduction
At the RAN4#68bis meeting the potential impacts to the requirements in RAN4 for the work item on low cost and enhanced coverage MTC UE’s  [1] were discussed with the objective to specify a new UE category for MTC operation in all LTE  duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type is also targeted to support the following capabilities:

· Single receive antenna

· Downlink and uplink maximum TBS of 1000 bits

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

At RAN4#69, following the discussions in [3], [4], [5], [6], [7] ,[8] and [9], the work plan [10] detail was agreed to for RAN4#70 for the on-going analysis for the Low Cost MTC UE work item:

· RAN4 #70 (10 - 14 Feb 2014): 

· Discuss and agree on RF specification changes for agreed bands
· Discuss new UL and DL measurement channel
· Discuss on how to specify the reference sensitivity for an MTC UE

· Initial analysis of RRM impacts and results

This contribution focuses on the investigation of the band related RF requirements for a single receiver and half-duplex MTC UE implementation.
2 Discussion
2.1 Band Dependent Discussion

From the discussions in [9], a number of observations were made concerning the dependencies of MTC UE RF requirements on the band, including the following:

· Reference Sensitivity requirements for Low Cost MTC UEs are band dependent 
· The requirements for ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation are dependent on the reference sensitivity level.

· ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation for Low Cost MTC UEs will need to account for the single RX feature.
· REFSENS will be impacted by both the HD-FDD and single RX features for Low Cost MTC.
For reference, Figure 1 below illustrates the basic architecture of an FDD versus HD-FDD receiver. The main difference in the HD-FDD receiver is the replacement of the duplexer in the full-duplex FDD implementation with a switch in the HD-FDD implementation.
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Figure 1a: Generalized MTC UE design with single TX and RX
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Figure 1b: HD-FDD UE with single receive RF chain

For the band dependent RF requirements identified in [9], one of the issues discussed at RAN4#69 was the initial selection of bands to be employed for the analysis of the MTC band dependent reference sensitivity. It was suggested but not formally agreed that bands in the range of 800 to 900 MHz would be reasonable candidate bands for initial analysis [11]. 
For example, band 8 can be employed as an exemplar to analyse the impact to the reference sensitivity requirements. The following observations can be made with regard to band 8 and related band classes in the 800 to 900 MHz range.

· Band 8 is comprised of the frequencies 890 – 915 MHz on the UL, and 925 – 960 MHz on the DL
· For an FDD implementation, the typical FDD duplexer insertion loss at 800 MHz is approximately 2.7 dB. 
· For a HD-FDD implementation, this is also a reasonable assumption to employ for a typical HD-FDD filter insertion loss.
· Furthermore, a typical switch insertion loss at 800 MHz is approximately 0.7 dB.
· Hence the net gain in Reference Sensitivity of replacing the duplexer with the HD-FDD switch is 2 dB.

· The change from a 2 receive chain diversity implementation to a single receive change for an MTC UE will result in an approximate 3 dB loss in receive sensitivity.
Thus based on the above considerations, as a first approximation, the net change in reference sensitivity from the values defined in Table 7.3.1-2 of TS36.101 [8] would be a 1 dB reduction in the current specifications. 

Observation

As a first approximation, the net change in reference sensitivity for a single receive chain HD-FDD MTC UE implementation, with respect to the values defined in Table 7.3.1-2 of TS36.101 [8] would be a 1 dB reduction in the current specifications.

In addition to the above considerations, the potential impact of non-contiguous resource block allocations (RB’s) will need to be considered with respect to possible impacts on MTC UE implementation margins. For example the use of non-contiguous RBs can impact the complexity and accuracy of the MTC UE receiver channel estimation. Based on the above discussion, the following proposal can be made
Proposal

· As a first approximation, the reference sensitivity for a HD-FDD MTC UE can be adapted from the reference sensitivity value in Table 7.3.1-2 of TS36.101 [8] as a 1 dB degradation relative to the entries for band 8 in the partially reproduced Table 7.3.1-2 below.
Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	
	
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	
	
	FDD


· Additional analysis should be carried out to quantify the impact of non-contiguous RB allocations on the reference sensitivity requirement for HD-FDD MTC UEs.

· The reference channel definitions for 1.4 MHz bandwidths in Table A.2.2.1.1-1 of TS36.101 [8] be revised to accommodate the HD-FDD test conditions. For example the total of 1728 bits per subframe may need to be revised depending on the agreements in RAN1 and RAN2 as to whether only 1000 bits can be accommodated in a transport block.
Table A.2.2.1.1-1 Reference Channels for QPSK with full RB allocation

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12
	12
	12
	12

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3
	1/3
	1/5
	1/6

	Payload size
	Bits
	600
	1544
	2216
	5160
	4392
	4584

	Transport block CRC
	Bits
	24
	24
	24
	24
	24
	24

	Number of code blocks per Sub-Frame
(Note 1)
	
	1
	1
	1
	1
	1
	1

	Total number of bits per Sub-Frame
	Bits
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per Sub-Frame
	
	864??
	2160
	3600
	7200
	10800
	14400

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1
	≥ 1

	Note 1:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


3 Conclusion
This contribution has provided an analysis of the band related RF requirements for a single receiver and half-duplex MTC UE implementation.  Specifically, a first approximation of the band related reference sensitivity requirement was addressed for a typical 800 or 900 MHz band. The following observations and proposals were made

Observation

As a first approximation, the net change in reference sensitivity for a single receive chain HD-FDD MTC UE implementation, with respect to the values defined in Table 7.3.1-2 of TS36.101 [8] would be a 1 dB reduction in the current specifications.
Proposal#1
As a first approximation, the reference sensitivity for a HD-FDD MTC UE operating in an 800 to 900 MHz bandclass can be adapted from the reference sensitivity value in Table 7.3.1-2 of TS36.101 as a 1 dB degradation.
Proposal#2
Additional analysis should be carried out to quantify the impact of non-contiguous RB allocations on the reference sensitivity requirement for HD-FDD MT UEs.
Proposal#3
The reference channel definitions for 1.4 MHz bandwidths in Table A.2.2.1.1-1 of TS36.101 be revised to accommodate the HD-FDD test conditions
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